Highlight
Applied nifrogen increased calmpetition between cheafgrass and intermediate wheaigrass for soil moisture and resulfed in death of wheaigrass. Grazing further increased this effect. Forage increases occurred in iwo of four years but did nof justify cost.
Fertilization
of seeded perennial grasses in sagebrush areas of the West is mostly experimental. Previous studies by Eckert et al. (1961) ) Kilcher (1958) ) and Sneva et al. (1958) indicate fertilizers will increase yield and quality of forage in areas having an average precipitation of 10 inches or more. Kay et al. (1957 Kay et al. ( , 1958 reported yield increases of annuals, particularly cheatgrass (Bromus tectorum L.), in response to nitrogen application. Such increased growth of annual species would offer greater competition to seeded perennial grasses.
The study presented here was established:
(1) to determine the responses of a mixed stand of intermediate wheatgrass (Agropyron intermedium (Host) Beauv.) and cheatgrass to various rates and combinations of fertilizers;
(2) to ascertain the competitive effects of each species under various fertility regimes;
(3) to determine the effects of environmental factors, especially precipitation, on responses of both species to fertilizer, and (4) Botanical composition in terms of percent ground cover was determined by the step-point method described by Evans and Love (1957) in both the fenced and unfenced plots. Thirty points and five squarefoot cover estimates were taken per plot (a total of 120 points and 20 cover estimates per treatment) each year.
Results and Discussion
Precipitation during the 4 years of this study was considerably below normal -4.92 inches in 1958-59; 7.28 inches in 1959-60; 5.37 inches in 1960-61, and 9.75 inches in 1961-62 . In addition to the extremely low total rainfall in 1958-59 and 1960-61 there was an almost complete lack of rain during the spring months in those same years -the period when nearly all plant growth normally occurs. The drought was reflected in the differential responses of the species as well as in total herbage yield.
Effects cm Ground Cover
Fenced plot. -The first year after treatment (1959)) ground cover of cheatgrass was increased over four times by the high nutrient treatment (from 5% to 21%). Ground cover of wheatgrass was doubled by the same treatment (from 6% to 12%), while total ground cover tripled (from 13% to 38%). Earlier growth of cheatgrass was noted on the N plots than on the check plots.
KAY AND EVANS
The ground cover of wheatgrass was reduced considerably in all plots the second year, 1960 (Table 1) . This probably was the result of the extremely low rainfall the previous year. Cheatgrass increased proportionately, and total ground cover remained unchanged even though total precipitation was increased considerably over the preceding year.
Total ground cover on all plots was considerably lower the third year (1961) than the second as the result of another dry year. Wheatgrass showed a slight increase on the check, probably the result of the improved rainfall the previous year. However, fertilized wheatgrass continued to decline in ground cover, apparently because of the mortality suffered in this series of dry seasons, combined with the competitive effects of an increased amount of cheatgrass resulting from fertilizer treatments. Cheatgrass was much less on all plots in the third year than the second.
The fourth year (1962) had about average rainfall, but was unusually productive because much of the rain fell during the spring growing period. Ground cover was increased considerably for both species over the third year on both the checks and on the fertilized plots. However, the fertilized plots again produced an excessive amount of cheatgrass; and, although wheatgrass was able to recover somewhat from the previous year, the amount of recovery was considerably less than that on the unfertilized checks.
Grazed plot.-The plots were not grazed except by wildlife in 1959 because of an almost complete lack of forage production. Grazing in 1960 did not affect total ground cover or ground cover of cheatgrass of either the check or the N120S40 plot, but wheatgrass on the check was decreased to 1.3% by grazing compared with 3.0% on the fenced check. The grazed-fertilized wheatgrass also was reduced more than the fenced and fertilized wheatgrass (reduced to 0.5% compared to 3.8%). IRates of nitrogen (N) and sulfur (S) are given in lb/A. AS refers to ammonium sulfate and lb/A of this material.
Wheatgrass recovered some in check plots in 1961 as the result of the better growing year of' 1960, but recovery was not as much as in the fenced plots (Table 2) . Total ground cover of check plots was reduced sharply over the previous year, with cheatgrass reduction accounting for the decreases. Wheatgrass was almost completely killed out in the high-nutrient plots, the mortality being much higher than in the fenced plots (0.1% ground cover on grazed plots compared to 1.5% on fenced plots, Figure 1 ). Excellent growing conditions in the fourth year (1962) were reflected in an increase in both species and in total ground cover. Increase of wheatgrass was greatest on the check and least on the highest nutrient rates, but always less than in plots of the same treatment under fence.
Grazing was both early and heavy in all years. Deer, antelope, and rabbits grazed continuously from the time the first growth started at the end of winter; and in addition, livestock grazed from April 15 to June 20.
Grazing by all classes of animals (wild and domestic) was heaviest where nitrogen fertilizers had been applied. The checks were also grazed harder than the general pasture because of their close proximity to the fertilized treatments. These factors may explain the differences in response between the fenced (mowed) experiment and the grazed experiment.
Effects on Forage Producfion
Forage yields varied more from year to year than they did between fertilizer applications (Table 3 ). The check varied from an estimated 25 lb/A in 1959 to 920 lb/A in 1962, a 36-fold difference which compares with only doubled yields by fertilizing even in the best year (920 lb/A on check compared to 2290 lb/A on the NuoS~OR) .
There was no increase in forage resulting from fertilization 
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KAY AND EVANS in either of the two drier years, 1959 and 1961. Yields were increased significantly by many of the treatments in 1960, but not enough to justify the expense of the fertilizer. Growth responses were much better in 1962, a year when the extra feed produced by fertilization was not needed.
The single application of 60 lb/A nitrogen at the beginning of the experiment continued to produce forage increases in the fourth growing season. The 30 lb/A treatment failed to produce a yield response in any year unless repeated. 1 Rates of nitrogen (N) and sulfur (S) are given in lb/A. R refers to annual reapplication of nitrogen. AS refers to ammonium sulfate and lb/A of this material.
Supplementary Studies
Forage quality. -The protein content of cheatgrass and wheatgrass were determined separately in the first clipping of 1960 and together in the second. The protein contents of both species generally were increased by nitrogen fertilization (Table 4) . Wheatgrass was significantly higher in protein than was cheatgrass when both were heavily fertilized.
An analysis also was made for sulfate-sulfur. Again there was a significant difference between the species when heavily fertilized, wheatgrass being higher in sulfur (0.464%) than was cheatgrass (0.176%). Sulfur was also higher in the wheatgrass in the NCJO&O plot (0.464%) than in the N120S40 R plot (0.350%)) indicating that the increased growth from repeated nitrogen applications had depleted the sulfur. This analysis also shows that sulfur carries over well in this soil and is not readily leached.
Soil moisture. -Soil moisture was measured gravimetrically at two depths-6-10 inches and 12-16 inches-on May 17 and again on June 2, 1960. There were no differences in moisture attributable to fertilizer treatment on the first sampling date, but differences were apparent on the second date. Differences in use of moisture by cheatgrass and by wheatgrass were negligible. However, both species removed more moisture when fertilized than when not fertilized. Soil moisture on June 2, 1960 at 6-10 inches was 12.1% on the check and 9.4% on the N120S40 R plot. At the 12-16-inch depth moisture was 21.4% and 15.6%, respectivelY* Soil nitrogen.-Total soil nitrogen was measured at two depths (O-3 in. and 3-6 in.) at the end of the growing season in 1961 in the check, N120, and N120 R plots to determine if nitrogen had accumulated from the repeated applications. Total nitrogen in the soil samples averaged 0.085%. No statistically signif icant differences were found. However the increases in yield the following year indicate that probably considerable nitrogen remained in the nitrogen plots.
Soil @.-Soil pH was measured at two depths in the check and N120S4oR plots at the end of the third growing season to check on the possible effects of a lowered pH on the mortality of the wheatgrass. The pH in the treated plots was significantly reduced at both depths, but not sufficiently to contribute to the mortality. At the O-3 inch depth, pH was 7.2 on the checks and 6.9 on the N120S40 R plots; at the 3-6 inch depth it was 7.4 and 7.0 respectively.
Conclusion
Results of the 4-year fertilization study on cheatgrass and intermediate wheatgrass indicate that applied nitrogen, especially at the higher rates, favored cheatgrass at the expense of wheatgrass. Grazing increased the detrimental effects of high nitrogen fertilization on intermediate wheatgrass.
Increased growth of cheatgrass with high nitrogen, coupled with extremely dry years, is concluded to be the principal cause of the marked reduction of intermediate wheatgrass.
Under the soil and moisture conditions of this experiment, fertilization of intermediate wheatgrass and cheatgrass is not economical, and also may cause serious damage to the wheatgrass.
Summary
A 4-year fertilizer study was established on a l-year old stand of intermediate wheatgrass infested with cheatgrass. Two field trials were included, one open to grazing and the other protected. Nitrogen was applied at three
